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ABSTRACT 

We have calculated the cross section of the process e + e~ — > W ± H T at the linear collider 
in the supersymmetrical two-higgs-doublet model. We find that the cross section decreases 
rapidly with the increment of tan/3, and which can reach almost 1 fb for the favorable 
parameters. 
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I. INTRODUCTION 



The Higgs boson is the missing piece and also the least known one of the standard model 
(SM) and beyond. Under the framework of the minimal supersymmetrical standard model 
(MSSM) |T[, there contain charged Higgs bosons, which are one of the most distinguished 
signal compared with SM. To find this kind of charged Higgs boson and study its properties 
are one of the primary goals of the present and next generation of colliders. 

The production of the charged Higgs boson at hadron colliders can mainly via top 
quark decay if kinetically allowed; recently, we have studied single charged Higgs production 
through bg channel and found this channel could be helpful in finding the charged Higgs 0. 
Otherwise, the heavy charged Higgs would be very hard to produce at hadron colliders. At 
linear collider, the primary mechanism to produce charged Higgs bosons are e + e~ — > H + H~ 
H or 77 — > H + H~ [||. However, the production rates for both processes drop rapidly 
with the increment of the charged Higgs mass. As a complementary channel in discovering 
charged Higgs, although suffering from the low rate (this channel is the one loop process), 
e + e~ — > W^H^ channel is important in studying the 7 — W ± — H T and Z — W — H T 
vertexes. In fact, these two vertexes have been studied through the decay processes of the 
charged Higgs boson ||. 

In literatures, there are many works on neutral Higgs associated production with gauge 
bosons (7, Z and W) both on hadron and linear colliders ||, which are potentially useful in 
dealing with the backgrounds. However, the charged Higgs bosons associated production 
with W at linear collider is deserved a study, which will be the topic of this paper. At linear 
collider, there is an alternative collision mode: 77 collision, which is commonly thought 
the most suitable place to study the Higgs properties. The W ± H T pair production in this 
collision mode will be presented in the forthcoming work j7|. 
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II. FORMALISM OF CHARGED HIGGS BOSON PRODUCTION ASSOCIATED 

WITH W 

The Feynman diagrams of the process e + (pi)e~ (p 2 ) ~^ H ± (ki)W^(k 2 ) are shown in 
Fig 1, and the corresponding Feynman rules could be found in Ref. ||. We perform the 
calculation in the 't Hooft-Feynman gauge and use dimensional regularization to all the 
ultraviolet divergence in the virtual loop contributions. 

As usual, we define the mandelstam variables as 

S = ( P i+p 2 ) 2 = (k 1 + k 2 ) 2 
T = (p! - h) 2 = (p 2 - k 2 ) 2 

U = {p 1 - k 2 f = (p 2 - h) 2 . (1) 
The amplitude of the process can be written as 

M = U(p 2 ) {h{P R + UPl + h (ifsPR + UP L )Vi-e + {f 5 P R + hP L )V2.e)) V( Pl ), (2) 

where e is the polarization vector of W boson and Pl,r = (1 =F 7s)/2. The form factors /j 
could be expressed as 

fi = J2fP\ (3) 

3=1 

where j corresponds to the contributions from the diagrams index in Fig. 1. For simplicity, 
if possible, the form factors are divided into and fi^' Z } which are from the s- 

channel 7 and Z contributions, respectively; for diagram (2) in Fig. 1, the form factors are 
further divided into fermionic and bosonic contributions. The non-vanishing form factors 
are explicitly presented in Appendix. 

The cross section of process e + (pi)e~(p 2 ) — ► H ± {ki)W T {k 2 ) can be written as 

mm spins 
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with 



T 

± 7 



T 



max 



mm 




S-J(S- (m H ± + m w ) 2 )(S - (m H ± - m w ) 2 )) 



S + \j{S - (m H ± + m w ) 2 )(S - (m H ± - m w ) 2 )) 



(5) 



where the bar over the summation recalls average over initial fermions spins. 



III. NUMERICAL RESULTS AND DISCUSSIONS 



In the following we present some numerical results of charged Higgs boson associated 



m w = 80.33Ge1/, m z = 91.187GeV, m t = 176GeV, m b = 4.5GeV and a = 1/128. 
For simplicity, we choose the parameters of the Higgs sectors which satisfied the MSSM 
relations, i.e., there are two independent parameters tan/3 and ||. 

In Fig. 2, the W ± H T pair production cross sections as a function of the at linear 
collider are presented, where yS = 500Ge^. From the figures, we can see that the cross 
sections drops rapidly with the increment of tan /3, and for tan (3 = 2 and m#± = 100 ~ 250 
GeV, the cross sections are insensitive to the mass of the charged Higgs boson, which is 
around 0.2 fb. We note that the peak around 180 GeV is due to the threshold effect that 
the decay channel of the charged Higgs boson to top and bottom are opened. 

In Fig. 3, the W ± H T pair production cross sections as a function of the are 
presented for m H ± = 200 GeV. We can see that there is a peak around 400 GeV, which 
is the consequence of the competitive between the enlargement of phase space and the 
s-channel suppression. For three cases of tan f3, the cross sections of small tan /3 are larger 
than that of large tan/3, which can reach 1 fb for favorable parameters. 

To summarize, we have calculated the cross section of the process e + e~ — > W ± H T at 
the next linear collider in the supersymmetrical two-higgs-doublet model. We find that the 
cross section decreases rapidly with the increment of tan/3, and which can reach almost 1 
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production with W in the process of e + e 



H ± W T . In our calculations, we choose 



fb for the favorable parameters. We note that in supersymmetrical framework including 
MSSM, the s-particles can also contribute to this process, which will be studied in the near 
future. 



ACKNOWLEDGMENTS 

This work was supported in part by the post doctoral foundation of China and the 
author gratefully acknowledges the support of K.C. Wong Education Foundation, Hong 
Kong. 



[1] H.P. Miles, Phys. Rep. 110, 1 (1984); H.E. Haber and G.L. Kane, Phys. Rep. 117, 75 (1985). 



[2] C.S. Huang and S.H. Zhu, submitted to Phys. Rev. Lett., |hep-ph/9812201 . 



[3] A. Djouadi, J. Kalinowski and P.M. Zerwas, Z. Phys. C70, 435 (1996); A. Arhrib, M.C. 
Peyranere and G. Moultaka, Phys. Lett. B341, 313 (1995). 

[4] D. Bowser-Chao, K. cheung and S. Thomas, Phys. Lett B315, 399 (1983); W.G. Ma, C.S. Li 
and L. Han, Phys. Rev. D53, 1304 (1996); Erratum-ibid, Phys. Rev. D56, 4420 (1997); S.H. 
Zhu, C.S. Li and C.S. Gao, Phys. Rev. D58, 05007 (1998). 

[5] M. Peyranere, H.E. Haber and P. Irulegui, Phys. Rev. D 44, 191 (1991); M. Mendez and A. 
Pomarol, Nucl. Phys. B349, 369 (1991); S. Kanemura, [hep-ph/9710237| ; 



[6] See for examples, A. Barroso, J. Pulido and J.C. Romao, Nucl. Phys. B267, 509 (1986); A. Ab- 
basabadi, D. Bowser-Chao, D.A. Dicus and W.W. Repko, Phys. Rev. D52, 3919 (1995);ibid, 
Phys. Rev. D57, 550 (1998); ibid, Phys. Rev. D58, 057301 (1998); A. Djouadi, V. Driesen, 
W. Hollik and J. Rosiek, Nucl. Phys. B491, 68 (1997). 



5 



[7] S.H. Zhu, in preparation. 

[8] J.F. Gunion et. al., Higgs Hunter's Guide (Addison- Wesley, MA, 1990). 

[9] G. Passarino and M. Veltman, Nucl.Phys.B33 (1979)151; A. Denner, Fortschr. Phys. 
41(1993)4; R.Mertig, M.Bohm and A.Denner, Comp.Phys.Comm.64 (1991)345. 



6 
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FIG. 1. The typical Feynman diagrams for the process of e + e — ► H^W^ . 



7 




100 150 200 250 300 350 400 

mass of H + 

FIG. 2. The W ± H^ pair production cross sections as a function of the m H ± at linear collider, 
where VS = 500GeV , and the solid, dashed and dotted lines represent tan/3 = 2, 10 and 40, 
respectively. 
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FIG. 3. The W ± H Zf pair production cross sections as a function of the y/S at linear collider, 
where m H ± = 200GeF, and the solid, dashed and dotted lines represent tan/3 = 2, 10 and 40, 
respectively. 
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APPENDIX 



In this Appendix, the non-zero form factors defined in Eq. ||] are explicitly written as 



= -^S- cos (« - 0) sin (« - P) \( T - m 2 H )D {l) - (T - m 2 jD (2) 
Asm V 



+ (T - m 2 H± ) (D 1 (2) - D x (l)) + (T - m 2 w ) (D 3 (l) - D 3 (2)) 



(6) 



(!) _ a m w 



sin 4 fl 



w 



cos(a - /3) sin(a - /3) (D 3 (l) - £3(2)) 



(7) 



/i 



(2),7,F 



-nij cot f3B (S, ml, ml) + 2ml ^ an PB (S, m 2 , m\ 



m w sin 2 fl^S 

+m 2 t (ml - m 2 t - T) cot /3C (1) + 2m 2 b (m 2 b - m 2 t + U) tan /3C (2) 



+2 (m 2 cot /3([/- m^± ) + m 2 b tan /?(t/ + m|±) C x (2) 



[m 2 cot /3(T + m 2 H ±) + ml tan/3(T — m 2 H ±) C x (l) 



-2 (m 2 cot /3(T - m 2 ^) - m 2 . tan /3([/ + m 2 ^) C 2 (2) 



[ml cot /3(T + m, 2 ^) + ml tan/3(m 2 v — Z7) C 2 (l) 



-2(m 2 cot /3 + m 2 b tan/3)(2C 00 (2) - C 00 (l)) 



(2), 7 ,F _ A2)a,F 



ti^(T~U), 



(9) 



(2),7,F 



2a z 



2m^tan/3C (2) 



m^F sin 2 W S 
+2(2m 2 b tan/3 + m 2 cot (3)C X {2) - m\ cot /3Ci(l) 



+m 2 tan/3(2C 2 (2) +C 2 (1)) + (m 2 tan/3 + m 2 cot /?)(2C n (2) - C u (l)) 



+ (m 2 tan/3 + m 2 cot /3)(2C 12 (2) - C 12 (l)) 



(10) 
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-(2m 2 cot (3 + m\ tan/3)Ci(l) + 2m 2 tan/3Ci(2) 

-m t 2 cot/3(2C 2 (2) + C 2 (l)) + (m 2 tan/3 + m 2 cot/3)(2C n (2) - C n (l)) 

+ (m 2 tan/3 + m 2 cot/3)(2Ci 2 (2) -Ci 2 (l))] , (11) 

f m„F = / ( 2)>7>J?j (12) 
/f o^ = /f o^ (13) 



a 2 



3 — 2 sin 2 9 w )m 2 t cot /3 + 3m 2 tan /?) ^(S', m 2 , m 2 ) 



2 sin 2 6*vk cos 2 9wiTiw(s — m|) 

— ((3 — 4 sin 2 0jy)m 2 tan /3 + 3m 2 cot /?) B (S, m 2 , m 2 ) 

+m 2 ((T + m 2 ) cot /3(3 - 2 sin 2 W ) + 2m 2 b sin 2 ^ cot /3 + 3m 2 b tan /?) C (2) 
-ra\ (([/ + m 2 ) tan /3(3 - 4 sin 2 W ) + 4m 2 sin 2 W tan (3 + 3m 2 cot /?) C (l) 
+ (cot /3m 2 (-4m^± sin 2 % - (3 - 4 sin 2 w )u) - tan/3m 2 (3 - 4 sin 2 6 w )(m 2 H± + U)) d{2) 

— (tan /3m 2 (— 2m 2 H ± sin 2 W + (3 — 2sin 2 ^)T) - cot /3m 2 (3 - 2 sin 2 ^(m 2 ^ + T)) d(l) 

+ (cot f3m 2 (— 4T sin 2 ^ - (3-4sin 2 ^)m^) -tan/3mg(3-4sin 2 w )("4' + c/ )) C 2 (2) 
+ (tan (3m 2 b (2U sin 2 9 W + (3 - 2 sin 2 w )m^) + cot /3m 2 (3 - 2 sin 2 6 w )(m 2 w + T)) C 2 (l) 
+2(m 2 cot/3 + m 2 tan/3) ((3 - 4 sin 2 W )C OO (2) - (3 - 2 sin 2 ^)C 00 (1))1 , (14) 



f m,z, F = -i + 2^n 2 e w (2)iZ>F ^ 

1/2 2sin 2 ^ 1/1 v ; ' v ; 



11 



2 



77114/ Sin (714/ COS 1714/^ o — m Z/ 

+ (2m 2 tan/3 + m\ cot/?) (-3 + 4 sin 2 w )Ci(2) - m 2 cot/3(-3 + 2 sin 2 w )Ci(l) 
+m^tan/?((-3 + 4sin 2 W /)C 2 (2) + 2C 2 (1)) + (m 2 tan /3 + m 2 cot /3) x 
((-3 + 4 sin 2 0w)Cu(2) ~ (-3 + 2 sin 2 w )C n (l)) 

+ (m 2 tan/? + m 2 cot/?)((-3 + 4sin 2 ^)C 12 (2) - (-3 + 2 sin 2 w )d 2 (l))] , (16) 

A2),z,f a 2 (-l + 2sin 2 0iy) r 2 „, . 2 „ ^ /,\ 

/4 = ~ 27 • 2 g ^cot/? 3-2sm^ w C 1 

2m w cos 2 ^ sin L 

+ (3 - 2 sin 2 9 w )(2m 2 cot /3 + m 2 tan /3)Ci(l) + m 2 tan /3(-3 + 4 sin 2 w )Ci(2) 
-m 2 cot /3(4C 2 (2) + (-3 + 2 sin 2 6 W )C 2 (1)) 

+ (m 2 b tanp + m 2 cot /3)((-3 + 4 sin 2 w )Cn(2) - (-3 + 2 sin 2 9 W )C U (1)) 

+ (m 2 tan/3 + m 2 cot/3)((-3 + 4sin 2 ^)C 12 (2) - (-3 + 2 sin 2 H/ )C 12 (1))] , (17) 

A2),Z,F _ 2 sin2 °W A2),Z,F h „\ 

—1 + 2 sin 014/ 

f (2),Z,F _ "I +2 Sin 2 0^ A2),Z,F n Q x 

/e - 2 sin 2 014/ /s ' (19) 

/! {2),7 ' B = 2 f™^ Q [~ co <« - P) {(S + m 2 H ) sin(a - (5) + m| cos(a + /3) sin(2/3)) C (3) 

sin(a - /3) ((S + m^) cos(a - (3) + m| sin(a + /3) sin(2/3)) C (4) 

+ cos(a - /3) sin(a - (3) ((2m 2 H± -T-U) (d(3) - d(4)) 

-(2m 2 y -T-f/) (C 2 (3) - C 2 (4))) 

12 



+2 sin(a - (3) (-2 cos(a - (3) + sec 2 6 W cos(a + (3) cos(2/3)) C 00 (5) 
+2 cos(a - /3) (2 sin(a - (3) + sec 2 9 W cos(a + /?) sin(2/3)) C 00 (3) 
+2 cos(a - /3) (2 sin(a - /3) - sec 2 6 W sin(a + /3) cos(2/3)) C o(6) 
+2sin(a -(3) (-2 cos(a — (3) + sec 2 ^ sin(a + (3) sin(2/3)) C 00 (4) 



(20) 



f (2), 7 ,B _ ,(2), 7 ,B 
J2 — Jl > 



(21) 



sin(a - (3) (2 cos(a - (3) - sec 2 ^ cos(2/3) cos(a + (Ci(5) + Cn(5) + Ci 2 (5)) 



5 sin 2 6*vk 

— cos(o; — /3) cos(o; + /3) sin(2/3) sec 2 9 w Ci(3) 



+ cos(a - (3) (-2 sin(a - /3) + sec 2 9 W cos(2/5) sin(a + (Ci(6) + C n (6) + C 12 (6)) 



sin(a - /3) sin(a + /3) 8111(2/9) sec 2 w Ci(4) 



+2 cos(a - 0) sin(a - (3) (C 2 (3) - C 2 (4)) 



- cos(a - /3) (2 sin(a - /3) + sec 2 ^ cos(a + (3) sin(2/3)) (Cn(3) + Ci 2 (3)) 
+ sin(a - /3) (2 cos(a - /3) - sec 2 ^ sin(a + (3) sin(2/3)) (C n (4) + Ci 2 (4)) 



(22) 



f (2), 7 ,B _ ,(2), 7 ,B _ ,(2), 7 ,B _ ,(2), 7 ,B 
J 4 — J 5 — J 6 — J 3 > 



(23) 



2 sin 2 0^(5 -m|) 



cos 2 6 W 



cos(a - /3) sin(a - (3) (-B (S, m 2 H , m|) + ^(S', m 2 Q , ra|)) 



(sin (a — /3)(m| + 2T + 2C/) + m| tan 2 ^ cos(a + f3) sin(2/3)) C (13) 



cos(a — /3) 

COS 2 6*jy 

+ sm(o !-g) / _ 2 + 2T + 2U) - ml tan 2 W sin(a + (3) sm{2(3)) C (14) 
cos 2 9 w v * ■ j 
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- cos(o; - (3) (sin(a - (3)(m 2 z - S - m 2 H ) + m| tan 2 9 W cos(a + (3) sin(2/3)) C (3) 
+ sin(o; — (3) (cos(a — (3)(m z — S — rn\^ — m 2 z tan 2 9w sin(a + (3) sin(2/3)) Co(4) 
+ (-2m 2 H± +T + U) cos(a - (3) sin(a - (3) (Ci(3) - Ci(4)) 
+ — ^— (2m^± + T + [/) cos(a - /3) sin(a - (3) (Ci(14) - Ci(13)) 

COS 2 C/|4/ 

-2m^ + T + [/) cos(a - 0) sin(a - /3) (C 2 (4) - C 2 (3)) 



+ ("2^71^ 

' (2m^ + T + [/) cos(a - (3) sin(a - (3) (C 2 (14) - C 2 (13)) 



COS 2 



(COS' 



— - „ Sm sin(a - 0) f-2 cos(a - /3) + sec 2 W cos(a + /3) cos(2/?)) C 00 (5) 

COS"' 6V 7 



(cos 2 Q\y — sin 2 9w) cosfo; — (3) / . , m 2 . , . , n „.\ „ /oN 

— o~n in — I 2 sm (« ~P) + sec ^ cos(a + (3) sm(2/3) C 00 (3) 

cos 2 sin # w v 



sin(o; 



cos 4 9 W - 

CQS(Q : ~ ^ f-2 sec 2 W sin(a - (3) + cos(2/3) sin(a + (3)) C 00 (8) 
cos 4 6V v ' 



— ( —2 sec 9\y cos(o; — (3) + cos(2/3) cos(a + /3) C m {7) 



(sin W - cos W ) . . . flW „ , A „ , 
— cos(a - (3) sm a - /3) (C 00 (9) - Coo (10)) 

COS 4 

,2 /i \ 

: - (3) (-2 sin(a - /3) + sec 2 9 W sin(a + /3) cos(2/3)) C 00 (6) 



(cos 2 W — sin 2 9 W ) 



— cos(a — 13) ( — 2 sin(o; — /3) + sec 9 W sin(o; + /3) cos(2/3) ) C o(£ 

cos 2 9 w v 7 

(cos 2 9 W - sin 2 W ) sin(a - (3) / 2n . n . . . n , . , nnS \ „ ... 

- — — (2 cos 2 W cos(a - 0) - sm a + 3) sm(2/3) C o(4) 

cos 4 (V v ' 



cos 2 0^ 



cos(a - 3) sin(a - /3) (C 00 (ll) - C 00 (12)) 



_ cos(a g) / ^ _ ^ + gec 2 Q ^ gin ^ 2 ^ cq , + p.\ c / 13 \ 
cos 2 9w v ' 



_ sm(a 0) / cQ _ gec 2 ^ ^ + x Co ^ 14 ^ 

cos 2 ^ v > 



(24) 



14 



(2),z,b _ —1 + 2 sin 2 9 W f (2),z,B 



2 sin 6w 



fr 



(25) 



a 2 m w 
2 sin 2 9 w (S-m%) 



cos 2 9 W 



cos(o; — 13) sin(a — P) (Co(ll) - C„(12) + sec 2 W (C (14) - C (13)) 



a + tf x 



' cos(a - f3) cos(a + (3) sin(2/3)Ci(3) 



cos 4 6^ 
1 

cos 4 8w 



(cos — sin 0^) . , / n o . , , nns 

H — sin (a — p) [—2 cos cos(a — p) + cos(2p) cos 

cos 4 6>iy v 

(£7,(5) + ClI (5) + C 12 (5)) + 

COS 6*14/ 

f ms 4g sin(c*-/3) (2 cos 2 ^ cos (a-/?) - cos (2/3) cos(a + /?)) (Ci(7) + Cn(7) + d 2 (7)) 

cos(a - /3) (-2 cos 2 W sin(a - /3) + cos(2/3) sin(a + (3)) (d(8) + Cn(8) + Ci 2 (8)) 
+ (cos 2 ^- sm 2 ^) cog(a _ /3) gin(a _ /3) (Ci(g) _ Ci(1Q) _ Cn(9) + Cn(10) _ Ci2(g) 

COS 4 tV 

+CW10)) + C ° S2 ° W 7. Sm2 ° W cos(a - /3) (2 cos 2 6 W sin(a - /?) - cos(2/3) sin(a + 

cos 4 W K J 

(d(6) + C u (6) + C 12 (6)) + C ° S2 ^ 7 ^ sin(a - P) sin(a + 0) ^(2/3)^(4) 

cos 4 V w 

sin(a - /?) cos(a - (3) (2Ci(ll) - 2d(12) + C n (ll) - Cu(ll) + C 12 (ll) - C 12 (ll)) 
cos(a — P) (Acos 2 9 w sin(a — P) + cos(a + /3) sia(2/3)) Ci(13) 
sin(a — /3) (—4 cos 2 cos(q; — /3) + sin(a + /3) sin(2/3)) Ci(14) 



COS 2 #w 
1 

COS 4 # w 

1 

'V 



cos 4 # 



+4cos(a - P) sin(a - p) (C 2 (4) - C 2 (3)) 
2 



COS 2 #w 



cos(a - P) sin(a - /3) (C 2 (ll) - C 2 (12) + C 2 (13) - C 2 (14)) 



(cos 2 e w sm 2 e w ) cog(a _ ^ / (a + ^ gin(2 ^ + 2 cog2 ^ gin(a + + 

COS C?iy 
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+ cos 2 6 w _ sm 2 9 w gin(a _ ^ ^ a + ^ gin(2 ^ _ 2 co§2 ^ gin(a _ ^ + 



cos 4 6 W 

J— cos(a - (3) (2 cos 2 9 W sin(a - (3) + cos(a + /3) sin(2/3)) (Cn(13) + Ci 2 (13)) 



cos 4 6 W 

— — sin (a — (3) (-2cos 2 6 w cos(a — P) + sin(a + /3) sin(2/?)) (C U (U) + C 12 (14)) 



cos 4 6w 



A2),z,b _ A2),z,b _ -1 +2 sin 2 6 W {2 ),z,b (07 ^ 



f (2),Z,B = f{ 2),Z,B^ (2g) 



,(3), 7 a 



2 



/l ' — ^ -2/3 2/3^2 2\ n^ G±ff± 

4sm 6V cos 2 Vw\m>w ~ mr H ±)mw^ 



a2(m?4 '- S) ; rw, (29) 



4 sin 2 W cos 6 W {m 2 ^ — m 2 H± )m w m 2 H ± S 



f{3),Z = <^Z 

1 Acos z Ow^mly - m 2 H± )m 2 v (S - m 2 z ) 

^ a 2 {m 2 w - S) 

4 sin 2 9 W cos6 l H /(m 2 1/ — m 2 H ±)m w m 2 H ±(S — m 2 z ) 



n w±J?± , (30) 



p (4) j7 a 2 (mwfTiz sin(2/3) sin(o; + f3) — cos 6wS cos(a — £0) -qt 
1 8 sin 2 # w cos 2 9 w m 2 lo m w (m 2 v — m 2 H± )S h ° 



a 2 (m w m z sin(2/3) cos(« + (3) + cos sin(a — ^ T 
8 sin 2 9 W cos 2 ^m^m^mfy — m 2 H± )S H) 



(l]Z (cos(a: — (3) cos 2 6w(rn 2 z — S) — m 2 z sin 2 0^ sin(2/3) sin(o; + yj , 
/1 = o „:.,2 /1 s /1 172 77 7772 172 77772 77 



a 2 



8 sin 2 9 W cos 3 ^m^mv^m 2 ^ — m 2 H± )(m 2 z — S) 
a 2 (sin(a — (3) cos 2 w (m z — S) + m z sin 2 Q w sin(2/3) cos(a + (3)^ 



U T H , (32) 



8 sin 6w cos 3 9wm 2 H m w{ m w ~ m2 H±){ m z ~ 

y(5), 7 = a 2 cos(a - g) n r a 2 sin(a-/3) ^ 

1 8 sin 2 6^ cos6'vk^ 2 10 ^vK'S' 710 8 sin 2 9w cos 8wiTi 2 H mw S H ' 
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fl 



(5),Z 



a 2 sin 6wC0s(a — (3) ^ T | a 2 sin 6wsm(a — (3) nT 



n 



(34) 



y(6),7 = 



fi 



8 cos 3 ^m^miy(+m| — S) " h ° 8 cos 3 9 w m 2 H m w (m 2 z — S) H ' 

sin(o; — /3) (2 sec 2 6*^ cos(o; — (3) — cos(2/5) cos(a + B (m 2 H ±,m 2 H , m 2 H ±) 



a 2 mz 



4 sin 2 #w cos^h/S 1 



— cos(o; — /3) [sec 2 6 W sin(o; — /3) + sin(2/3) cos(o; + B (m 2 H ± , m 2 H , m^) 

+ cos(a — /3) (—2 sec 2 W sin(o; — (3) + cos(2/3) sin(o; + fif) B (m 2 H ±,m 2 H ±,m 2 lo ) 



+ sin(a — (3) [sec 2 6w cos(o; — (3) — sin(2/3) sin(a; + (3)^j B (m 2 H ±,m 2 l0 ,m 2 v ) 



(35) 



A (6) ' Z = 



a ITLz 



sin(a — (3) [2 sec 2 ^ w cos(a — (3) — cos(2/3) cos(o; + (3)^ B (m 2 H ±,m 2 H , m 2 H ±) 



4 cos 3 6 W (S - m 2 z ) 

— cos(a — 13) [sec 2 9 W sin(a — (3) + sin(2/3) cos(o; + B (m 2 H± ,m 2 H , m^) 



+ cos(a; — (3) [—2 sec 2 6*^/ sin(o; — (3) + cos(2,5) sin(a; + fif) B (m 2 H ± , m^± 
+ sin(a — (3) [sec 2 6\y cos(a — (3) — sin(2/3) sin(o; + (3)^ B (m 2 H ±,m 2 lo ,m 2 v ) 



(36) 



( 7 ) 7 a 2 m w 
1 1 — — : — — -cosla: 



2 sin 2 W S 



- /3) sin(a - (3) [Bo(m 2 w , m 2 H , m 2 w ) - B Q (m 2 w , m 2 ho ,m 2 w fj , (37) 



= o 2 fl (q 2T cos(a - /3) sin(a - /3) (B (m 2 w , m 2 H , m 2 w ) - B (m 2 w , m 2 Q , m 2 w )) , 

£ COS v\y y>J Tfl g ) 
2 

i§),Z = o 3fl a 7c Z 2T cos (« " 0) sin (« - P) ( B o(S, m 2 H , m|) - S (5, m 2 Q , m|)) , (39) 

2 cos^ — m^J v ' 



(38) 



i 



(9),7 _ 



a 2 m w 



i 



05 



cos(2/3) sin(2/3) (^(m^) + 4A (m^ ± ) - A (m|) 
w cos(2a)sin(2/3)) (A (m^) - A (m 2 () 



A9),z a-'iiiw 

1 ~~ 8 cos 4 6 W (m 2 H± - m 2 w )(S - m 2 z ) 



8 cos 2 6 W sin 2 9 w (m 2 H± — mfy 
— [cos 2 6 W cos(2/5) sin(2a;) + sin 

a2mW L - .(2/3) sin(2/3) (A (m 2 J + 4A« ± ) - A (m 2 z ) 

(2a) sin(2/5))(A (m^)-A (m 2 o )) 



-AA (m 2 w 



cos 



— (cos 2 ^ cos(2/9) sin(2a) + sin 2 6 W cos( 
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(40) 

4A (m 2 y )) 
(41) 



(42) 



f?' Z = , 2Si f 6w 2o fi J) ' Z , for j = 3 — 9, (43) 
2 -1 + 2 sin 2 9 W 1 17 v ; 



8 sin 6*^/ cos 9w (j^w ~ m \± ) m wm 2 H ± 71-2 



/ 2 (10) = ~n — n -2 \ 2 _ a IW ± , (44) 



yr(ii) = <* cos(a - g) nT 

16 sin 2 6^ cos ^m^mn/(m^ — m 2 H ±) 



+ a 2 sm(a-(3) ^ 

16 sin 3 9 W cos 9wm 2 H m w (m 2 v ~ m \±) H ' 

where 

n^ o = —24 cos 9yjm 2 t cos a csc /3^o(^ 2 ) + 24 cos ^f^ 2 sin ct sec (3A (ml) 
—mwrnz (6 sin(o; — (3) + sin(o; + /3) cos(2/3)) A (m 2 z ) 
—2m w (6 cos^vi/miy sin(o; — /3) + cos(2/9) sin(a + /3)) ^(m 2 ^) 
— m w m z (cos(2a) sin(o; + (3) + 2 cos(o; + /3) sin(2a)) ^(m 2 ^) 
+3mvi/m^ cos(2a) sin(o; + P)A (m 2 lo ) + my/mz cos(2/9) sin(o; + f3)A (m 2 Ao ) 
+2m w (m z cos(2/9) sin(o; + (3) — 2 cos^m^ sin(o; — -A (ra#±), (46) 

11^ = — 24 cos 9wTn 2 sin a csc /5j4o(tti 2 ) — 24 cos^m 2 cos a sec /3Ao(m 2 ) 

+m;ym2 (6 cos(a: — (3) + cos(o; + f3) cos(2/3)) A (m 2 z ) 

+2mw (6 cos^vf^w cos(a — /3) + cos(2/3) cos(o; + ^(m 2 ^) 

+3mvK^z (cos(2a) cos(o; + f3)) A (m^) — m(ym z cos(2/3) cos(o; + P)A (m A ) 
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+mwmz (2 sin(2a) sin(o: + (3) — cos(2o;) cos(o; + (3)) A (m1 o ) 



-2mw (mz cos(2/3) cos(o; + (3) — 2 cosOw^w cos(a — (3)) A (m 2 H ±), 



(47) 



^g ± h ± = 12 cos 2 9w(m 2 cot (3 — ml tan (3) A (m 2 ) 



+6cos 6w(m t ~ m b)( m b tan/3 — m t cot (3)B (0, m b , m t ) 



+6 cos 2 9w (cot (3m 2 (m 2 — m 2 — m 2 H ±) + tan (3ml(m 2 — m 2 + rn 2 H±)j B (m 2 H ±,ml, m 2 ) 



+ cos w (m hQ - m w )m w cos(a - (3) sin(a - /3)-B (0, m ho ,m w ) 



— cos 6y/(jn H — m^m^ cos(a — /3) sin(o; — (3)B (0, m Hl m w ) 



+m 2 v [2 cos 9wmw cos(a — (3) — mz cos(2/3) cos(o; + (3)\ [cos Ow^nw sin(o; — /5) 



+m z sin(2/9) cos(a + B (m H ±,m H ,m H ±) 



m| cos(2/3) cos 2 (o; + (3) sin(2/5) + cos 2 9w sin(o; — /3) 



cos(o; — (3)(2m H + 2m H ± — m w ) + m z cos(2/5) cos(a + (3) ) B (m H ±,m H , m w ) 



+m 2 v [—2 cos Owrriw sin(o; — (3) + cos(2/5) sin(o; + [cos ^my^ cos(a — /3) 



-m z sin(2/3) sin(a + (3)\ B (m 2 H ±,m 2 H ± , m 2 ho ) 



+m 2 v 



m| sin(2/3) cos(2/9) sin 2 (a + (3) + cos 2 # w cos(q; — /3) 



sin(a - (3)(-2m 2 ho - 2m 2 H ± + m 2 ^) - m| sin(a + /3) cos(2/3)) B (m 2 H ±, m 2 ho , m 2 w ), (48) 



nvK±H± = 6 cos^(m 6 — m t ){m b tan (3 + m t cot /3)i?o(0, m b , m t ) 

+6 cos ^ (cot (3m 2 (m 2 — ml — m 2 H ±) + tan (3(ml(m 2 — m 2 + rn 2 H ±)^j B (m 2 H ±,ml,m 2 ) 
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+ sin(a — (3)mw{rn 2 H ± — m 2 H ) {mz cos(2/3) cos(a + (3) — 2 cos 6wmw cos(a — (3)) 
^B (0,m 2 H ,m 2 H ±) - B (m 2 H ±,m 2 H ,m 2 H ±)'j + cos(a - fi)m w {m^ - m 2 H ) x 



(mz sin(2/3) cos(a + (3) + 2 cos #vi/^vy sin(a — /?)) B (0, m H , m w ) 



+mw cos(a — (3) sin(a — /3) cos 9w'mw(2 r m 2 H + 3m^± — 2m 



+ cos(a + (3) sin(2 f3)mzijn 2 H — m^) BQ{m 2 H±) m 2 Hl m 



— cos(a — (3)mw{fn 2 H± — m \ ) ( m z cos(2/3) sin(a + (3) — 2 cos sin(a — /?)) 

(S (0,m^ o ,m^±) - B (m 2 H± ,m 2 ho ,m 2 H± )^ + sin(ai - ^)m w {m 2 v - m 2 ho ) x 



(mz sin(2/9) sin(a + (3) — 2 cos ^vk^vk cos(a — /?)) -Bq(0, m^ o , 



+mvi/sin(o; — /3) cos(o; — (3) cos(Vmiy(— 2mj; o — 3m 2 H ± + 2m 2 v ) 



+ sm(a + /3)sin(2/?)m z (m? - m^) B (m 2 H± ,m 2 h m 2 w ). 



In above equations, the definitions of B , C and D functions could be found in Ref. ||, 
the variables of C functions from 1 to 14 represent (m 2 H ±, S, 171^,1), where i stand for the 
internal mass square of the loops, for i — 1 — 14, which are 

(2 2 2\ I 2 2 2\ I 2 2 2 \ i 2 2 2 \ 

[m t ,m b ,m b ), [m b ,m t ,m t ), {m Hl m w ,m w ), (m ho ,m w ,m w ) 

(mjj , m 2 H± , m 2 H± ) , (m 2 ho , m 2 H± , m 2 H± ) , (m|- ± , m 2 H , m\ ) , (m^± , m£ , m^ ) , 

/ 2 2 2 \ / 2 2 2 \ / 2 2 2 \ / 2 2 2 \ 

{m H ±,m z , m H ), {m H ±,m z , m ho ), (m W) m Ao ,m H ),{m w , m Ao ,m ho ), 



m w , m H , m z ), (m w , m ho} m z ) } 



(50) 



and the variables of D functions from 1 to 2 represent (m 2 H± , 0, 0, m^, T, S, i), where i 
stand for the internal mass square of the loops, for i = 1 — 2, which are 
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[m 



2 H ,m 2 w ^,m 2 w ), (ml ,m 2 w ^,m 2 w ). 



(51) 
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